Giardiasis is one of the most frequent causes of diarrhoeic diseases in the world. Giardia cysts are most commonly transferred via ingestion of contaminated water or food. On the basis of genetic characteristics Giardia duodenalis is classified in eight assemblages A-H. Zoonotic assemblages A and B are increasingly found in isolates from dogs which may constitute the reservoir of human giardiasis. This article presents a brief review of G. duodenalis assemblages detected in dogs that were documented in European countries.
INTRODUCTION
Giardia duodenalis is a cosmopolitan unicellular parasitic protozoan that infects domestic and free living animals including humans [47] . The World Health Organisation (WHO) includes G. duodenalis among the so-called "Neglected Tropical Diseases" [45] . Throughout the world as many as 200 million cases of giardiasis are diagnosed annually [17, 22] .
On the basis of genetic differences, G. duodenalis is classified in eight assemblages [15] . Assemblages A and B are considered zoonotic and were confirmed in humans but also in a broad range of hosts [6, 7] . The remaining 6 assemblages are mostly host-specific; C and D are typical of dogs and other canines; assemblage E was identified in ungulates including cattle, sheep and goats; F in cats; G in rats, and H in marine mammals [3, 44] . Dogs may be infected also by assemblages A or B and present potential risk of transfer of this infection to humans [15] . In order to guarantee the correct identification of assemblages and confirmation of the potential zoonotic transmission of G. duodenalis, the use of molecular methods is recommended. The PCR method for identification of G. duodenalis has on average 92 % sensitivity and 100 % specificity [49] .
The life cycle of G. duodenalis is simple. The host is most often infected by the faecal-oral route through contaminated food, water or direct physical contact [22] . G. duodenalis occurs in two forms, as the trophozoite or the cyst. The trophozoite is an actively motile, vegetative, flagellated pear-shaped stage existing in the small intestinal lumen. Survival of this parasite in the outer environment is ensured by the oval cysts that constitute the infectious stage. After the ingestion of cysts, excystation occurs under the action of digestive enzymes and low pH. Each four-nuclei cyst releases two-nuclei trophozoites. By means of a suction disk, the trophozoites adhere to enterocytes in the proximal part of the duodenum and multiply by longitudinal binary fission. Under the action of bile salts their encystation occurs as they transit toward the colon. The cysts that are eliminated to the outer environment with faeces are fully infectious [1] . Younger age categories are more frequently affected by giardiasis and exhibit more pronounced clinical signs. The signs are observed within 2 weeks after ingestion of infectious cysts. Duodenal microvilli in the affected individuals are shortened and thickened which results in a maladsorption syndrome [16, 53] . The characteristic signs include disorders in resorption of fats and fat-soluble vitamins (steatorrhea). The decreased enzymatic activity in the host causes disorders of absorption of zinc which becomes a part of surface antigens of the parasite. Zinc is an element irreplaceable in immunological reactions and its deficiency can have an immunosuppressive effect on the host organism [53] . Clinical signs are frequently non-specific and the infection may have a latent course. Alternating periods of diarrhoea and constipation are observed and the faeces mostly contain mucus and fat, but no blood. In some patients the disease may be chronic and last several months; even years [14] . Giardiasis has been recognised as an important risk factor for long-term syndromes, for example post-infection irritable bowel and chronic fatigue syndromes. Recent studies indicate that extra-intestinal consequences of giardiasis were also observed including arthritis or hypersensitive skin reaction [11, 33] .
The aim of this study was to present a review of the prevalence and assemblages of Giardia duodenalis in dogs in European countries with respect to the zoonotic potential of this parasite.
OCCURRENCE OF G. DUODENALIS IN EUROPE
Giardia spp. is a well-known agent of one of the most extensively spread intestinal infections in temperate, tropical and subtropical zones. It has been assessed that it causes annually 280 million of diarrhoeal diseases throughout the world [58] . G. duodenalis is capable of infecting a broad range of hosts including humans and domestic and wild living animals. Investigations of various populations of dogs have revealed a different prevalence dependent on the age. The highest prevalence (46-50 %) was observed in dogs under 1 year of age [13, 24] . In some European countries the prevalence of giardiasis in dog breeding centres reached 100 %. On the other hand, only 10 % positivity was detected in dogs kept under good hygiene conditions [26] .
The previous studies that involved groups of dogs of different age and breeding conditions confirmed differences in the prevalence of giardiasis. The following text and Table 1 provides a summary of results obtained in various European countries including Slovakia. Greece C/D Kostopoulou et al. 2017 [27] In Germany C i r a k and B a u e r observed 9.5 % occurrence of G. duodenalis cysts in domestic dogs [8] . Genotyping revealed the typical canine assemblage C [10] .
In the same year, G i l l et al. identified assemblage D and sub-assemblages AII, BIII and BIV in sheltered dogs in the south of Spain. The circulating of these assemblages in dogs may present potential zoonotic risk [18] .
In a recent study in Portugal, G. duodenalis was the most frequently detected parasite in dogs with gastrointestinal signs. The prevalence reached 15.5 %. No molecular methods were used for the identification of the assemblages [35] .
Research published in Greece in 2017 revealed that the total prevalence of G. duodenalis in a study reached 25.2 %.
Samples were examined first by the flotation method according to Faust and the positive isolates were subjected to genotyping. This proved the presence of assemblages C and D [27] .
CONCLUSIONS
The diagnostic methods used for the proof of G. duodenalis are relatively simple. They include the basic microscopic examination for the presence of cysts in faecal samples; ELISA test for detection of coproantigen or the direct immunofluorescence method. However, only the molecular characterisation of G. duodenalis can guarantee the correct identification of assemblages and the confirmation of the potential zoonotic transmission. The PCR method for the identification of G. duodenalis has a mean 92 % sensitivity and 100 % specificity.
